Tight coupling between the rate of rise of Ca2+ transient and peak twitch contraction in guinea-pig papillary muscle.
We evaluated the relationship between cytoplasmic Ca2+ concentration ([Ca2+]i) and force in guinea-pig papillary muscles loaded with a fluorescent Ca2+ indicator, fura-PE3. In the absence of ryanodine, [Ca2+]i transient and force were altered by changing extracellular Ca2+ concentration and stimulation frequency, and also by adding methyl-1,4-dihydro-2,6-dimethyl-3-nitro-4-(2-trifluoromethylphenyl)-pyri dine-5-carboxylate (Bay K 8644) or ouabain. Under these conditions, the peak force correlated linearly with the maximal rate of rise of [Ca2+]i (gamma = 0.948) more than the peak [Ca2+]i transient (gamma = 0.737). Ryanodine inhibited the increase in the maximal rate of rise of [Ca2+]i resulting in abolishment of the correlation between force and the maximal rate of rise of [Ca2+]i. These results suggest that the maximal rate of rise of [Ca2+]i reflects Ca2+ release from the sarcoplasmic reticulum, and this fraction of [Ca2+]i is crucial for determining the amplitude of twitch contractions when the sarcoplasmic reticulum is intact in guinea-pig papillary muscle.